Background The ACS NSQIP Surgical Risk Calculator (SRC) plays an important role in risk prediction and decision-making. We sought to 1) enhance the existing ACS NSQIP SRC with functionality to predict geriatric-specific outcomes and 2) assess the predictive value of geriatricspecific risk factors by comparing performance in outcome prediction using the traditional ACS NSQIP SRC versus models that also included geriatric risk factors.
INTRODUCTION
Providing an accurate estimate of surgical risk is critical in patient-centered decisionmaking and informed consent, particularly for older adults. While those 65 and older make up 15% of the population,(1) they account for more than 40%(2) and 33%(3) of all inpatient and outpatient surgeries, respectively. In addition to the increased numbers of older adults undergoing surgery, the timing of their procedures tends to cluster at the end-of-life, reflecting both increased postoperative mortality and potentially inappropriate or non-beneficial surgery.
Collectively, this underscores the importance of accurate risk assessment, shared decisionmaking, and an opportunity to meaningfully impact care.
Recognizing this, the American College of Surgeons (ACS) Geriatric Surgery Task Force launched the Geriatric Surgery Pilot Project (GSPP)(4) in participating ACS National Surgical Quality Improvement Program (NSQIP) hospitals. The GSPP collects data on geriatric-specific patient characteristics and outcomes to better characterize this population's heightened and nuanced surgical vulnerability. (5) These data feed into ACS NSQIP, a robust clinical registry that has been leveraged to inform a number of quality improvement initiatives in addition to the development of the ACS NSQIP Surgical Risk Calculator (SRC). This decision-support tool provides estimates of risk for twelve 30-day outcomes using 21 preoperative risk predictors.
More than 1,500 providers per day use the SRC to generate patient-specific risk profiles that assist in preoperative assessment and facilitate goal-directed discussions. (6) Consequently, its role in surgical decision-making has gained national recognition as a quality metric by the Centers for Medicare and Medicaid Services (CMS).(7) The novel variables collected in GSPP highlight an opportunity to enhance the SRC to create a more refined decision-support tool directed at a uniquely vulnerable surgical population. 6 The objective of this study was to investigate whether geriatric-specific surgical outcomes could be accurately predicted using the data collected from GSPP. To achieve this, our aims were to 1) enhance the existing ACS NSQIP SRC with functionality to predict four geriatric-specific postoperative outcomes (i.e. pressure ulcer, delirium, new mobility aid use, and functional decline), and 2) assess the predictive value of six geriatric-specific preoperative risk factors (i.e. living situation, fall history, use of mobility aid, cognitive impairment, surrogatesigned consent, and palliative on admission) by comparing performance in outcome prediction using the traditional ACS NSQIP SRC versus models that also included geriatric-specific risk factors.
METHODS

Data Source and Collection
Data were obtained from ACS NSQIP and the ACS NSQIP GSPP. ACS NSQIP has been described extensively elsewhere.(8-9) Briefly, it is a multi-institutional data registry of over 200 prospectively-collected variables including patient demographics, comorbidities, preoperative laboratory values, intraoperative events, and 30-day postoperative outcomes for patients undergoing operations of all subspecialties, except trauma and transplant. Reliability and accuracy of data abstracted from medical records are ensured by trained Surgical Clinical Reviewers-who abide by strict data definitions-and supported by ACS audits. (10) In 2014, 21 hospitals responded to a call to participating ACS NSQIP institutions for volunteers to begin collecting 20 unique GSPP variables(5) pertinent to older adult surgical patients, in part to assess the feasibility of collecting these novel measures. As participating ACS NSQIP hospitals, they already had the Surgical Clinical Reviewers required for data abstraction. These 20 variables are categorized by phases of care (i.e. preoperative [n=7], postoperative [n=10], and 30-day 7 postoperative [n=3]) and organized into four geriatric-specific domains (i.e. cognition, function, mobility, and decision-making).
Preoperative Risk Factors
The standard 21 risk predictors of the ACS NSQIP SRC (Table 1) have been described previously (6) and incorporated into our models. Six of the seven preoperative GSPP variables were added as risk predictors. The seventh GSPP variable, evidence of advance care planning, was not considered due to a high rate of missing data (>83%).
The six preoperative GSPP variables included were living situation, fall history within 1
year, use of mobility aid, cognitive impairment, surrogate-signed consent, and palliative care on admission. Patients' living situation, meant to capture presence of social support at home or potential caretaker need, was categorized as 'home alone,' 'home with support,' and 'not from home. ' The remaining five preoperative variables were binary ('yes' or 'no'). A positive fall history within 1 year was defined as experiencing a fall within the year prior to the operation.
Use of mobility aid indicated whether the patient required an assistive device for mobilization (e.g. cane, walker, wheelchair, scooter). Patients were defined as having cognitive impairment if preoperative documentation by a nurse or doctor stated that the patient had dementia or listed predefined descriptors consistent with dementia. 'Yes' for the variable surrogate-signed consent was meant to capture severe cognitive impairment rendering the inability to understand informed consent versus 'no' for a self-signed consent. Finally, palliative care on admission identified patients who were admitted to the hospital from a hospice setting or had palliative already involved in their care, indicating the diagnosis of a life-threatening condition or shortened lifeexpectancy.
8
Rates of missing data for preoperative geriatric variables ranged from 2.16% for surrogate-signed consent to 9.99% for fall history within 1 year. Missing values were imputed using maximum likelihood, (11) (12) consistent with standard ACS NSQIP modeling methodology.(5)
Postoperative Outcomes
The four geriatric-specific, postoperative, binary outcomes modeled in this study were pressure ulcer, delirium, new mobility aid use, and functional decline. Pressure ulcer was defined as the development of a new pressure ulcer or progression of a present-on-admission pressure ulcer. Delirium was captured through descriptive words documented in the medical chart including: "mental status change", "confusion", "disorientation", "agitation", "delirium", "inappropriate behavior", "inattention", "hallucinations", and "combative behavior". New mobility aid use was defined as a mobility aid requirement at the time of discharge that was not present on admission (i.e., cane, walker, wheelchair, scooter). Finally, the outcome variable functional decline was created by comparing functional status-a measure of a patient's need for assistance in performing Activities of Daily Living-at discharge with their preoperative baseline, which is consistent with our previous publication. (13) Patients who were independent preoperatively experienced functional decline if they were classified as partially or totally dependent upon discharge. Partially dependent patients experienced functional decline if they were classified as totally dependent upon discharge.
Inclusion and Exclusion Criteria
Patients 65 years and older who underwent surgery between January 1, 2014 and June 30, 2017 were included. Current Procedural Terminology (CPT) codes with less than 25 cases were excluded to omit uncommonly performed procedures for which adverse event rates are most 9 likely to be unreliably estimated. Cases missing any of the four outcomes of interest were excluded from the models for those outcomes. Patients with the preoperative functional status variable coded as 'totally dependent' were excluded from analysis of functional decline, and patients with the preoperative use of mobility aid variable coded as 'yes' were excluded from analysis of new mobility aid use.
Statistical Analysis
Hierarchical, random effects models (SAS GLIMMIX), which account for patients clustered within hospitals and apply a Bayesian-type shrinkage adjustment, were used to model risk prediction.(6) P-value <0.05 determined significance. All statistical analyses were performed using SAS version 9.4.
Model Validation
Holdout cross-validation was performed to assess predictive validity of the four geriatricspecific outcome models.(14) The data were randomly partitioned once into two mutually exclusive datasets containing two-thirds (developmental) and one-third (validation) of the data.
The developmental dataset was used to develop all four geriatric outcome models using all 27 risk factors. Model performance was tested by assessing the accuracy in outcome prediction when presented with unknown data, or the validation dataset. This was done by comparing model-fit statistics for the developmental and validation datasets.
Predictive Performance of Models with and without Geriatric Risk Factors
After model validation, four geriatric-specific outcome models (i.e. pressure ulcer, delirium, new mobility aid use, and functional decline) were developed using the full dataset and two sets of predictors (with and without geriatric-specific risk factors), yielding eight total outcome models. The predictive value of geriatric-risk-factor inclusion was evaluated. This was done by comparing model-fit statistics for models developed with versus without geriatric risk factors. rely on graphical representation of the HL statistic and, in this study, we constructed 20 sequential risk categories rather than the 10 used for the HL statistic.
Model-Fit Statistics
Brier scores simultaneously measure both discrimination and calibration. By assessing the accuracy of probabilistic predictions that account for differences between observed events and modeled predictions, it overcomes the limitations faced by the c-statistic. As a model's predicted probabilities align with event and non-event rates, the Brier score will approach 0.0, or perfect prediction.
RESULTS
Over three and a half years (01/01/14 -06/30/17), 42,296 patients 65 years and older underwent surgery at 21 hospitals enrolled in the ACS NSQIP Geriatric Surgery Pilot Project.
CPT codes with less than 25 cases were excluded resulting in 38,048 patients undergoing 197 unique operations across 10 surgical subspecialties ( Table 2) ; these 197 CPT codes represent 18% of the CPT codes in the full dataset. The total number of surgical subspecialties across both full and final datasets remained the same. In order from most to least common by number of cases performed, the 10 surgical subspecialties included are orthopedics, general, peripheral vascular, urology, neurosurgery, gynecology, thoracic, plastics, otolaryngology, and cardiac. The three most common types of procedures performed for each surgeon-reported specialty are found in Table 2 . The final sample sizes for each of the four geriatric outcomes of interest (after applying a priori inclusion and exclusion criteria) are detailed in the flow diagram ( Figure 1 ).
Model Validation
Holdout cross-validation was used to evaluate the predictive validity of the four geriatricspecific outcome models; model-fit statistics were compared (eTable 1). The average c-statistic was 0.8671 and 0.8689 for the developmental and validation models, respectively. The HLassociated p-values for the developmental and validation datasets of the four outcome models were p=0.0001, with the exception of pressure ulcer, which was 0.4903 and 0.3714 for developmental and validation datasets, respectively. The average Brier score was 0.0860 and 0.0857 for the developmental and validation models, respectively. Although the HL statistics were statistically significant for three of the four predicted outcomes, the magnitude of and stability between the c-statistics and Brier scores across developmental and validation models, in addition to the study's large sample sizes, suggest that cross-validation studies assessed the validity and reliability of these four geriatric-specific outcome models.
Predictive Performance of Models with and without Geriatric Risk Factors
Once model validity was assessed, the predictive value of geriatric-risk-factor inclusion in geriatric outcome prediction was evaluated. Model-fit analyses were performed and compared between outcome models with and without geriatric-specific risk factors ( Table 3 ). The cstatistics were slightly higher and Brier scores slightly lower for all outcome models that included geriatric risk predictors. Overall, the discrimination and calibration for both models were similar and acceptable. The HL statistics, represented graphically ( Figure 2 ), are grouped by geriatric-specific outcome and were developed with inclusion of geriatric risk predictors.
Each point represents one of the 21 hospitals included in the study and plots the mean observed rates vs. mean predicted rates by geriatric-specific outcome. The middle diagonal line for each of the graphs represents perfect prediction (observed = predicted) with the lines on either side representing the flanking quartiles, or ± 25%. In three of the four outcomes modeled, few points fall outside the +25% lines, suggesting that the models provide predictions consistent with observed values. The graphical depiction of the fourth outcome, delirium, suggests that our model underestimates the rate of postoperative delirium.
Risk Predictors and Outcomes
Of the 21 ACS NSQIP variables, CPT linear risk, COPD, age, functional dependence, sex, disseminated cancer, diabetes requiring insulin, and sepsis were the strongest risk predictors (Table 4 ). Of the 6 geriatric-specific variables, impaired cognition, fall history within 1 year, and mobility aid use were the strongest predictors (Table 5 ). Older adult surgical patients in GSPP experienced postoperative outcomes of pressure ulcer, delirium, new mobility aid use, and functional decline at rates of 1.43%, 10.51%, 42.02%, and 37.68%, respectively (Table 5) .
Risk Predictors and Outcomes: Traditional ACS NSQIP Variables
Eight of the 21 traditional risk predictors (CPT linear risk, COPD, age, functional dependence, sex, disseminated cancer, diabetes requiring insulin, and sepsis) demonstrated statistical significance in outcome prediction for >3 of the 4 geriatric outcomes ( Table 4) .
CPT linear risk, COPD, and age >85 were the only variables assessed that were significantly predictive of increased risk for all four geriatric outcomes. There was a stepwise increase in predicted odds risk for experiencing each of the geriatric outcomes with increasing age.
For functional dependence, a 'partially dependent' status was significantly predictive for all four geriatric outcomes. Additionally, being 'totally dependent' was not predictive of pressure ulcer. 'Male' sex was significantly predictive for all geriatric outcomes except pressure ulcer. While 'male' sex predicted increased odds of postoperative delirium, it was protective for both new mobility aid use and functional decline. Disseminated cancer significantly predicted increased odds for all geriatric outcomes except pressure ulcer. Not having diabetes (as opposed to being insulin dependent) was significantly protective for all geriatric outcomes except pressure ulcer. All three categories of sepsis significantly predicted increased odds for three of the four geriatric outcomes, with increasing severity trending with higher odds.
Risk Predictors and Outcomes: Geriatric-Specific Variables
Of the six geriatric-specific risk factors, each demonstrated a significant association with at least one geriatric-specific outcome; most were significantly associated with multiple outcomes. Preoperative impaired cognition, fall history within 1 year, and mobility aid use were 14 the leading geriatric-specific risk factors to significantly predict increased odds for three of the four geriatric outcomes (Table 5 ). No single geriatric risk factor predicted all four geriatric outcomes. All six geriatric risk factors significantly predict the outcome functional decline. The strongest association found between geriatric risk predictors and outcomes were between preoperative cognitive impairment and postoperative delirium (OR 2.57, 95%, CI 2.29-2.88).
DISCUSSION
Accurate surgical risk prediction is important, particularly for older adults who not only undergo more surgery but experience poorer outcomes. Existing surgical risk assessment tools are lacking in scope and fail to address the surgical sequela most consequential to these uniquely vulnerable patients. By leveraging both ACS NSQIP and the ACS NSQIP GSPP, both aims of this study were achieved. First, geriatric-specific functionality was developed for the existing ACS NSQIP SRC to predict four additional postoperative outcomes: pressure ulcer, delirium, new mobility aid use, and functional decline. This tool exhibited excellent discrimination and calibration on model-fit and validity analyses, indicating high reliability and accuracy in outcome prediction across nearly 200 operations and 10 surgical subspecialties (Table 2) .
Second, comparisons of predictive performance for outcome models that included geriatricspecific risk factors demonstrated improved predictive accuracy.
The outcomes modeled in this study were chosen mindfully to focus on costly and preventable complications commonly affecting older adult surgical patients. Pressure ulcersarising from malnutrition, immobility, and decreased sensation-affect 2.5 million people, cost $11.6 billion a year (adding an estimated $43,180 per hospital stay), and contribute to 60,000 deaths annually.(17-18) Despite this, pressure ulcers are thought to be largely preventable. (16) Delirium can affect more than 50% of surgical patients, (19) While the six geriatric-specific predictors improved model performance, we demonstrate that a substantial portion of the information contained within them is already represented by the 21 traditional risk predictors. This serves as a testament to the effectiveness of the SRC's general design, achieving acceptable accuracy without target-specific predictors for older adult patients as well as for other specific surgical domains. Nevertheless, by designing the SRC interface to require clinician input of the geriatric-specific predictors in order to obtain geriatricspecific outcomes, attention to these factors will hopefully become naturally and increasingly incorporated into the preoperative evaluation over time. Since the 21 participating ACS NSQIP GSPP hospitals abstracted geriatric-specific measures on a voluntary basis, collection burden can be indirectly assessed by rates of missing data.
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A geriatric-enhanced SRC will enable clinicians to more effectively assess surgical appropriateness and better guide patient-centered discussions concerning goals of care.
Presenting individualized risk profiles for geriatric-specific outcomes to older adult patients and their caregivers helps them make the decision to undergo surgery or not. Ultimately, increasing awareness of geriatric-specific outcomes arms clinicians and their patients with the tools necessary to facilitate the alignment of goals and expectations with surgical plans. 
Limitations
This analysis should be interpreted while considering three important limitations. First, the GSPP variables were collected on a voluntary basis. As such, the sample may not be entirely representative of the ACS NSQIP geriatric population, which may reduce generalizability.
Second, the ACS NSQIP GSPP includes highly engaged hospitals whose feedback has improved data collection over time. Even so, the collection of geriatric-specific variables in a large clinical data registry is unprecedented. While hospitals have been trained on the definitions of geriatric predictor and outcome variables, variability in the level of data scrutiny may influence rates of geriatric-specific outcomes. If a hospital has less scrutiny or sensitivity regarding delirium-that is, failure to positively identify more subtle presentations of deliriumthe strength in association between predictor and outcome may be stronger than what is reflected in the data. Even so, the delirium rates in this analysis are on par with published data that utilize validated screens. (29) Third, while the definition of functional decline used was consistent with previous publications by our group,(13) the variable has limited sensitivity in reflecting nuances of functional decline for the older adult population. For example, this study suggests partial dependence was protective for functional decline, perhaps because patients who were 'independent' could trigger a functional decline event if they became 'partially-' or 'totally dependent,' whereas those who were 'partially dependent' could only trigger a functional decline event if they became 'totally dependent.' Therefore, the interval distance between 'partially-' and 'totally dependent' is likely larger than that between 'independent' and 'partially dependent,' resulting in decreased sensitivity in truly capturing functional decline. In the future, the GSPP may collect more granular data on functional status to improve the limited sensitivity of this variable.
Fourth, defining cognitive impairment as clinically appreciable dementia limits the sensitivity of this variable to capture early cognitive impairment. Therefore, estimates of cognitive impairment and the strength of its association with geriatric-specific outcomes may be underestimated.
Fifth, by nature of selecting from current ACS NSQIP hospitals, data from participating GSPP hospitals may be subject to selection bias. Membership in ACS NSQIP in addition to voluntary enrollment in the GSPP may reflect an above-average interest in quality improvement and geriatric surgery. As a result, it is possible that the geriatric-specific outcomes reflected here may underestimate what is found at hospitals that do not focus on geriatric surgery or quality improvement. While this is a strength from the standpoint of data collection and reliability, it may limit generalizability.
CONCLUSIONS
Data derived from the ACS NSQIP GSPP allow for the development of a geriatricenhanced SRC to additionally predict four adverse outcomes commonly seen in the older adult surgical population. We have constructed the geriatric-enhanced SRC with inclusion of six geriatric-specific factors to both maximize predictive strength and act as a mechanism to focus clinicians' attention on unique geriatric risk factors that play integral roles in surgical care and postoperative course. This additional functionality can help to advance geriatric surgical care by accurately prognosticating outcomes, informing appropriateness of care, facilitating shared decision-making, and aligning expectations and patient priorities with surgical care plans.
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